Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

dDPublication number : 10-092576 
(43)Date of publication of application : 10.04.1998 



(51)Int.CL 



H05B 33/14 
C08G 61/02 
C08L 65/00 
C09K 11/06 
H01L 33/00 
H05B 33/10 
H05B 33/22 
H05B 33/26 



(21) Application number : 09-116158 

(22) Date of filing : 1 8.04.1 997 



(71) Applicant 

(72) Inventor : 



CAMBRIDGE DISPLAY TECHNOL LTD 

FRIEND RICHARD H 
BURROUGHES JEREMY H 
BRADLEY DONAL D 



(SOPriority 

Priority number : 89 890901 1 Priority date : 20.04.1989 Priority country : GB 



(54) ELECTROLUMINESCENT ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a highly reliable 
electroluminescent element which has a wide surface area and 
whose electric power consumption is low by forming a poly 
phenylene vinylene PPV film with the thickness within a specified p. 
m range on the surface of a first charge injection contact layer. 
SOLUTION: Using a borosilicate glass 1 as a glass substrate, a first 

electric charge injection contact layer 2 is formed on the upper f ^ 

face of the substrate. This electric charge injection contact layer 2 gyxyb< ! !^>eyy>; X # ^ 

is formed by thermal evaporation of aluminum through a shadow 
mask and the resultant substrate is exposed to air to form a thin 




film surface oxidized layer 3 and the electric charge injection 
contact layer is thus obtained. Next, a polymer solution is applied 
to the whole surface area of a joining substrate and while keeping 
the upper face in a horizontal state, the substrate is rotated at a 
specified rotation speed on an axis and the resultant substrate 
coated with a polymer precursor layer is thermally treated in a 
vacuum oven to convert the precursor into poly phenylene vinylene 
PPV. The obtained PPV film 4 has 100-300nm thickness. After 
that, a second electric charge injection contact layer 5 is formed 

on the PPV film 4 by evaporation of gold or aluminum and an electric charge injection contact layer with 
20-30nm thickness is thus obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The thin precise semi-conductor layer of the configuration of the polymer film which consists of a 
kind of conjugation polymer at least. They are the electrolxmiinescence devices which consist of the 2nd contact 
layer which touches the 2nd fi-ont face of the 1st contact layer which touches the 1st fi-ont face of a semi- 
conductor layer, and a semi-conductor layer. The polymer film of a semi-conductor layer If electric field are 
applied between the 1st and 2nd contact layers through a semi-conductor layer so that the 2nd contact layer may 
just be carried out to the 1 st contact layer Electroluminescence devices characterized by injecting a charge 
carrier into a semi-conductor layer, and having the extemal charge carrier of concentration low enough so that 
luminescence may be made fi-om a semi-conductor layer. 

[Claim 2] It sets to electroluminescence devices according to claim 1 , and a conjugation polymer is a formula 
r** 




[the phenylene ring having among a formula one or the substituent beyond it chosen independently if needed 
fi-om alkyl (suitably methyl), alkoxy (suitably ethoxy [ methoxy or ethoxy ]) one, a halogen (suitably chlorine or 
a bromine), or nitroglycerine, respectively] Fori (p-phenylenevinylene) [PPV] it is - electroluminescence 
devices characterized by things. 

[Claim 3] The electroluminescence-devices component to which the thin precise polymer film is characterized 
by being [ of the range fi-om lOnm to 5 micrometers ] the thing of uniform thickness substantially in 
electroluminescence devices according to claim 1 or 2. 

[Claim 4] Electrolximinescence devices characterized by a conjugation polymer having the semi-conductor band 
gap of the range of 1 to 3.5eV in electroluminescence devices given in either of said claims. 
[Claim 5] Electroluminescence devices to which the rate of the conjugation polymer in the electroluminescence 
field of the polymer film comes out enough attaining the osmosis threshold of the charge transfer in the inside 
of the conjugation polymer which exists in the film, and is chEiracterized by a certain thing in 
electroluminescence devices given in either of said claims. 

[Claim 6] Electroluminescence devices to which the 1st charge impregnation contact layer is a thin layer of the 
aluminum by which the thin oxide layer was formed in the one front face, and is characterized by the 1 st front 
face of a semi-conductor layer touching said oxide layer in electroluminescence devices given in either of said 
claims. 

[Claim 7] Electroluminescence devices characterized by being chosen from the group which the 1st contact 
layer becomes from the alloy of aluminum or magnesium, and silver in electroluminescence devices according 
to claim 1 to 5. 

[Claim 8] Electroluminescence devices characterized by being chosen from the group which the 2nd charge 
impregnation layer becomes from aluminum and gold in electroluminescence devices according to claim 6. 
[Claim 9] Electroluminescence devices characterized by at least one of the 1st and 2nd charge impregnation 
contact layers being translucent at least in electroluminescence devices given in either of said claims. 
[Claim 1 0] Electroluminescence devices characterized by the 2nd contact layer consisting of indium oxide or 
indium tin oxide in electroluminescence devices according to claim 7. 
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[Claim 11] Electroluminescence devices characterized by being chosen from the group which the 1st contact 
layer becomes from amorphous silicon, and the 2nd contact layer becomes from aluminum, gold, and indium 
oxide in electroluminescence devices according to claim 1 to 5. 

[Claim 12] Electroluminescence devices characterized by at least one of the 1st and 2nd charge impregnation 
contact layers touching the support substrate in electroluminescence devices given in either of said claims. 
[Claim 13] Electroluminescence devices characterized by a support substrate being quartz glass in 
electroluminescence devices according to claim 9. 

[Claim 14] The array characterized by being arranged so that it may be the array which consists of 
electroluminescence devices of a publication and the address of the 1st and 2nd charge impregnation contact 
layers may be alternatively carried out to either of said claims in said array. 

[Claim 15] The thin precise semi-conductor layer of the configuration of the polymer film which consists of i 
least one sort of conjugation polymers It is made to adhere on a base according to the process which heats the 
precursor polymer which was made to adhere on a substrate by having used the thin film of a precursor polyn 
as the polymer thin film, and adhered to the degree to an elevated temperature, and generates a conjugation 
polymer. The thin layer of the 1st contact layer is prepared in contact with the 1st front face of said semi- 
conductor layer. It is the approach of manufacturing the electroluminescence devices which prepare the thin 
film of the 2nd contact layer in contact with the 2nd front face of said semi-conductor layer. If the polymer fi 
applies electric field between the 1st [ which touched said semi-conductor layer ], and 2nd contact layers so tl 
the 2nd contact layer may just be carried out to the 1st contact layer The manufacture approach of the 
electroluminescence devices characterized by injecting a charge carrier into a semi-conductor layer, and havi 
the extemal charge carrier of concentration low enough so that luminescence may be made from a semi- 
conductor layer. 

[Claim 16] In the manufacture approach according to claim 15, first, on a support substrate, make said 1st 
charge impregnation contact layer adhere, and a compound substrate is formed. Said precursor polymer is ma 
to adhere as thin precise polymer film on said 1st charge impregnation contact layer. Next, the manufacture 
approach of the electroluminescence devices characterized by heating a compound substrate and a precursor 
polymer to the elevated temperature which generates said conjugation polymer in the polymer film, and maki 
said 2nd charge impregnation contact layer adhere on the polymer film finally. 

[Claim 17] The manufacture approach of the electroluminescence devices characterized by for a precursor 
polymer being fusibility and adhering as a polymer thin film on a substrate by spin coating in the manufactur 
approach according to claim 15 or 16. 

[Claim 18] The manufacture approach of the electroluminescence devices characterized by a precursor polyn 
being a precursor polymer of Fori (p-phenylenevinylene) [PPV] in the manufacture approach according to ch 
15 to 17. 

[Claim 19] The manufacture approach of the electroluminescence devices characterized by the thin precise 
polymer film being the thing of the uniform thickness of the range from lOnm to 5 micrometers in the 
manufacture approach according to claim 15 to 18. 

[Claim 20] The manufacture approach of electroluminescence devices that the 1st charge impregnation conta 
layer is a thin layer of the aluminum by which the thin oxide layer was formed in that one front face, and the 
oxide thin film of this 1st charge impregnation contact layer is characterized by contacting the 1st front face ( 
semi-conductor layer, and being prepared in the manufacture approach according to claim 15 to 19. 
[Claim 21] The manufacture approach of the electroluminescence devices characterized by being chosen fror 
the group which the 2nd charge impregnation layer becomes from aluminum and gold in the manufacture 
approach according to claim 15 to 20. 

[Claim 22] The manufacture approach of the electroluminescence devices which are chosen from the group 
which the 1st contact layer becomes from the alloy of aluminvmi and magnesium / silver in the manufacture 
approach according to claim 15 to 19, and are characterized by the 2nd contact layer being indium oxide. 
[Claim 23] The manufacture approach of the electroluminescence devices characterized by being chosen fror 
the group which the 1 st contact layer becomes from amorphous silicon, and the 2nd contact layer becomes fr- 
aluminum, gold, and indium oxide in the manufacture approach according to claim 15 to 19. 
[Claim 24] The manufacture approach of the electroluminescence devices characterized by vacuum 
evaporationo adhering to the 1st and 2nd charge impregnation contact layers in the manufacture approach 
according to claim 15 to 24. 
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[Claim 25] The manufacture approach of the electroluminescence devices characterized by a support substrat 
being quartz glass in the manufacture approach according to claim 1 5 to 24. 

[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=ht^%3A%2F%2Fwww4i 9/28/2( 



JP, 10-092576, A [DETAILED DESCRIPTION] 



Page 1 of 10 



* NOTICES * 

JPO and NCZPZ are not responsible for any 
daxnages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a detail further about electroluminescence devices and its 
manufacture approach at the electroluminescence devices whose luminous layer is a semi-conductor, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The electroluminescence (EL) component is constituted so that light may be 
emitted under the effect of electric field. Thus, the general operation over the physical process in the semi- 
conductor used is performed through radiation association of an electronic-electron hole pair poured into a 
semi-conductor from the electrode with which a semi-conductor faces. As the example, they are GaP and same 
III. There is light emitting diode on the basis of a group-V group semi-conductor. Although these components 
are used effectively and broadly, since the magnitude is very minute, they are faced using it for a large eirea 
display, and are also uneconomical with difficulty. Some kinds of ingredients of the substitute in which the use 
to a large area display is possible are known, and the greatest efforts were tumed to ZnS in the inorganic semi- 
conductor. This system has the practical fault which cannot be disregarded, and the problem that the 1st 
dependability is scarce. It is thought that an example of the mechanism concerning ZnS is that local excitation 
of the semi-conductor eased by radio luminescence by accelerating one sort of carriers through a semi- 
conductor under a heavy current community arises. 

[0003] It is known in the organic material that an anthracene, perylene, and a simple substance aromatic series 
molecule (simple aromatic molecules) like coronene show an electrolimiinescence. 

[0004] Junction in about [ that they lack dependability like ZnS as a practical trouble of these ingredients ], 
these organic layers, and a current impregnation electrode layer (current-injecting electrode layers) is difficult. 
[0005] Techniques, such as sublimation of an organic material, are ****** about the disadvantage that the layer 
obtained is soft, and it is easy to recrystallize, and an elevated-temperature deposit of an up contact layer (top 
contact layer) cannot be borne. 

[0006] techniques, such as the Langmuir-BUROJIETTO (Langmuir-Blodgett) vacuum evaporationo of an 
aromatic compound by which reforming was carried out suitably, — degradation of membranous quality, and 
dilution of the active matter — the jump of a manufacturing cost is caused further. 

[0007] The electroluminescence devices using an antiiracene are indicated by the U.S. Pat. No. 3,621,321 
nimiber. This component consumes a lot of power, and has un-arranging [ that it is low luminescence ]. 
[0008] Offering the improved component, the U.S. Pat. No. 4,672,265 number has indicated the 
electroluminescence devices which have the two-layer structure as a luminous layer. 
[0009] However, the matter proposed by said two-layer structure is an organic material which has above- 
mentioned un-arranging. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the electroluminescence devices 
which avoid above un-arranging beforehand or reduction-ize said un-arranging at least, and its manufacture 
approach. 
[0011] 

[Means for Solving the Problem] The thin precise semi-conductor layer of the configuration of the polymer film 
which will consist of at least one sort of conjugation polymers if this invention is caused like 1 voice. They are 
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the electroluminescence devices which consist of the 2nd contact layer which touches the 2nd front face of the 
1st contact layer which touches the 1st front face of a semi-conductor layer, and a semi-conductor layer. The 
polymer film of a semi-conductor layer If electric field are applied between the 1st and 2nd contact layers 
through a semi-conductor layer so that the 2nd contact layer may just be carried out to the 1 st contact layer A 
charge carrier is injected into a semi-conductor layer, and the electroluminescence devices characterized by 
having the external charge carrier of concentration low enough so that luminescence may be made from a semi- 
conductor layer are offered. 

[0012] This invention sets a foundation by pouring in a charge carrier from a suitable contact layer to discovery 
by this invention person of the ability to make a conjugation polymer semi-conductor demonstrate an 
electroluminescence etc. 

[0013] It is known in itself [ conjugation polymer ]. For example, those use to an optical modulator is 
considered by the Europe patent application No. 0294061. In that case, polyacethylene is used as an active layer 
in the 1st and 2nd inter-electrode modulated stmctures. It is necessary to prepare an insulating layer between 
one and the active layers of an electrode so that a space-charge region may be formed in the active layer which 
brings about the optical modulation effectiveness. Since a space charge layer exists and formation of an 
electron / electron hole pair to which the collapse emits light is made into implementation impossible, such 
structure cannot show an electroluminescence. Anyway, since the optical modulation effectiveness is destroyed 
by it, it is not desirable to demonstrate an electroluminescence in the Europe patent application No. 0294061 at 
all. 

[0014] It is desirable that a conjugation polymer (Coniugated Polymer) is Pori (p-phenylenevinylene) in the 
component concerning this invention. The 1st charge impregnation contact layer (first charge injection 
contactlayer) It consists of a thin layer of the aluminum by which the thin oxide layer was formed in the front 
face by the side of one. The 1st front face of a semi-conductor layer touches said oxide layer, and the 2nd 
charge impregnation contact layer (second cheirge injection contact layer) is a thin layer of aluminum or gold. 
[0015] In other embodiments, a conjugation polymer is PPV, the 1st contact layer is the alloy of aluminum or 
magnesium, and silver, and the 2nd contact layer is indium oxide. 

[0016] In the still more nearly another embodiment, a conjugation polymer is PPV, one of the contact layers 
consists of amorphous silicon, and the contact layer of another side is chosen from the groups which consist of 
aluminum, gold, a magnesium-silver alloy, and indium oxide. 

[0017] These embodiments carry out the laminating of either the 1st contact layer or the 2nd contact layer to a 
substrate, give the thin layer of PPV, and are attained by carrying out the laminating of said contact layer by 
which a laminating was not carried out on it. 

[001 8] Suitably, the polymer film has the uniform thickness of the range of 5 micrometers from 1 Onm in 
general, and a conjugation polymer has a semi-conductor band gap in 1 to 3.5eV. Moreover, the rate of the 
conjugation polymer in the electroluminescence field of the polymer film is enough to attain the osmosis 
flireshold of the charge transfer in the inside of the conjugation polymer which exists in the film. 
[0019] According to the 2nd mode of this invention, the thin precise semi-conductor layer of the configuration 
of the polymer film which consists of at least one sort of conjugation polymers It is made to adhere on a 
substrate according to the process which heats the precursor polymer which was made to adhere on a substrate 
by having used the thin film of a precursor polymer as the polymer thin film, and adhered to the degree to an 
elevated temperature, and generates a conjugation polymer. The thin film of the 1st contact layer is prepared in 
contact with the 1st front face of said semi-conductor layer. It is the approach of m2inufacturing the 
electroluminescence devices which prepare the thin film of the 2nd contact layer in contact with the 2nd front 
face of said semi-conductor layer. If the polymer film applies electric field between the 1st [ which touched said 
semi-conductor layer ], and 2nd contact layers so that the 2nd contact layer may just be carried out to the 1st 
contact layer A charge carrier is injected into a semi-conductor layer, and the manufacture approach of the 
electroluminescence devices characterized by having the external charge carrier of concentration low enough so 
that luminescence may be made from a semi-conductor layer is offered. 

[0020] A conjugation polymer means the polymer which has a non-existing locally pi electron system along 
with the main frame of a polymer. This delocalized pi electron system gives forward [ which gives a semi- 
conductor property to a polymer and has high mobility along with the frame of a polymer ], and the capacity 
which supports a negative charge carrier to a polymer, 
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[0021] Such a polymer is Joumalof for example, by the R.H. friend. Molecular It is examined by 37th page - the 
46th page of Electromes4 (1988) January-March and No.l. 

[0022] The mechanism used as the foundation of this invention is as follows. That is, a forward contact layer 
pours a positive charge carrier into the polymer film, and a negative contact layer pours a negative charge 
carrier into the polymer film. These charge carriers form the charge pair which collapses in radiation unitedly. 
In order to attain this, as for a negative contact layer, it is desirable [ a forward contact layer ] to choose so that 
it may have a low work function so that it may have a high work function. Therefore, a negative contact layer is 
prepared in contact with an electron injection ingredient, for example, a polymer semi-conductor layer, and 
when it is made negative to a polymer semi-conductor by impressing outer potential through a circuit, it 
consists of the metals or dope semi-conductors (doped semiconductor) which can inject an electron into a 
polymer semi-conductor layer. A forward contact layer is prepared in contact with a hole-injection ingredient, 
for example, a polymer semi-conductor layer, and when it is just carried out to a polymer semi-conductor by 
impressing outer potential through a circuit, it consists of the metals or dope semi-conductors which can pour in 
the positive charge generally called an "electron hole" to a polymer semi-conductor layer. 
[0023] In order to produce a desired electroluminescence, the polymer film needs for the defect which acts as a 
core of non-radiative recombination not to exist substantially. It is because such a defect blocks an 
electroluminescence. 

[0024] at least one contact layer — charge impregnation material — in addition, the ingredient which is useful to 
ensuring that control the impregnation ratio to the electroluminescence layer of an electron pair electron hole, 
and radiation collapse separates and arises from the charge impregnation material of a contact layer — the layer 
of an orgeinic material can be included preferably. 

[0025] The film of a conjugation polymer consists of single copolymers containing the segment of a single 
conjugation polymer or a conjugation polymer suitably, moreover — or the film which consists of a conjugation 
polymer can also consist of mixture of a conjugation polymer or a copolymer, and another, suitable polymer 
[0026] The still more desirable description of the polymer film is as follows. 

(i) The polymer should be stable to being exposed to oxygen, humidity, and an elevated temperature. 

(ii) The polymer film should be shrunken by the stopping-power force and list to the crack initiation which 
considers the adhesive property between good substrate layers, a temperature rise, and pressure pressure as a 
cause, and it should have the resistance over expansion, recrystallization, or other gestalt change. 

(iii) The polymer film should have recoverability to ion / atomic migration process by for example, high 
crystallinity and high-melting. 

[0027] Next, an example of the embodiment concerning this invention is described, referring to a drawing. 
[0028] The conjugation polymer film is Pori (p-phenylenevinylene) [PPV] of the following formula suitably, 
and the phenylene ring may have one or the substituent beyond it chosen respectively independently if needed 
from alkyl (suitably methyl), alkoxy (suitably ethoxy [ methoxy or ethoxy ]) one, a halogen (suitably chlorine oi 
a bromine), or nitroglycerine in the following formula. 
[0029] 
[Tormula 2] 



[0030] The conjugation polymer of others which are guided from Pori (p-phenylenevinylene) is also suitable foi 
being used as polymer film of the electroluminescence devices concerning this invention. 
[0031] The example of a type of such a derivative is shown below. 

(i) Polymer which is obtained by transposing the phenylene ring of Formula I to a condensed-ring system, for 
example, permuting a phenylene ring by the anthracene or the naphthalene ring system and which shows the 
following structures. 
[0032] 
[Formula 3] 
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CM s CH 



[0033] 
[Formula 4] 




Cll = CH 



[0034] 
[Form ula 5 ] 




CH r CM 



[0035] You may have a number beyond 1 or it of a class of substituents which also explained these substitution 
multi-ring systems about said phenylene ring. 

(ii) Polymer which is obtained by permuting a phenylene ring by heterocycle systems, such as a furan ring, and 
which shows the following structures. 
[0036] 
[Formula 6] 




CH =r CH. 



[0037] You may have a number beyond 1 or it of a class of substituents which also described the above- 
mentioned furan ring previously to the phenylene ring as aforementioned. 

(iii) Polymer which shows the following structures acquired by increasing the number of ttie vinylene parts 
combined with one of each phenylene rings (or other ring systems explained in the above (i) or (ii)) of the. 
[0038] 
[Formula 7] 




// 



-(CM = CHh 



[0039] 
[Formula 8] 
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4CH CM4y 

[0040] 
[Formula 9] 



[0041] In said structure expression, y shows 2, 3, 4, 5, 6, and 7. 

[0042] Similarly, these ring systems may have said various substituents. 

[0043] The PPV derivative with which such versatility differs has a different semi-conductor energy gap. This 
makes it possible to constitute the electroluminescence devices which emit light on different wavelength over 
all the visible-spectrum sections. 

[0044] The conjugation polymer film can manufacture the "precursor" polymer in which solution processing or 
melting processing is possible a chemical treatment and/or by heat-treating. Before converting the latter 
precursor polymer into a conjugation polymer by the elimination reaction succeedingly, it can be pretreated in 
the configuration of purification or a request. 

[0045] Various kinds of aforementioned PPV derivative film can be similarly given to a conductive substrate b> 
using a suitable sulfonium precursor. 

[0046] Generally, it may be advantageous suitably to use a polymer precursor with the solubility higher than a 
sulfonium salt precursor (II) to an organic solvent. It can attain raising the solubility to an organic solvent by 
replacing the sulfonium section in a precursor by the alkoxy group (usually methoxy) or the low radical of a 
hydrophilic property like a pyridinium radical. 

[0047] Typically, the film of Pori (phenylenevinylene) is given on a conductive substrate by the approach based 
on a reaction graph as shown in drawing 1 . A sulfonium salt monomer (II) is a precursor polymer (III) in a 
water solution, water ethanol mixture, or a methanol. It is compounded. The general spin-coating technique 
used by semiconductor industry for photoresist processing can give the solution of such a prepolymer (III) on a 
conductive substrate. Next, the obtained precursor polymer (III) film is converted into Pori (phenylenevinylene) 
(I) by heating in temperature of 200 to 350 degrees C usually. 

[0048] Detailed conditions required for the chemosynthesis of a monomer (II), the polymerization to the 
precursor (III), and the heat inversion to PPV are reference (Applied Physics), for example, J.Phys.D by 
D.D.C.Bradley, 20 and 1389 (1987), and J.D.Stenger. It is indicated by Smith, Polymer by R.W.Lenz and 
G.Wegner, and 30 and 1048 (1989). 

[0049] The Pori (phenylenevinylene) film found out being obtained from lOnm by the thickness of 10 
micrometers, these PPV film ~ a hoe - only a **** pinhole is seen. The PPV film has about 2.5eV (500nm) 
semi-conductor energy gap. The PPV film is strong and stable in addition to air at the temperature which hardly 
reacts with oxygen at a room temperature, but exceeds 300 degrees C. 

[0050] The leaving radical of a precursor polymer is reformed, and improvement in ordering of an ingredient is 
attained by ensuring going on by the single reaction, without an elimination reaction producing still more nearl> 
another middle structure. It can follow, for example, n-dialkyl sulfonium component can be transposed to a 
tetrahydro thio FENIUMU component. It is desorbed from the latter component as a single leaving radical, 
without decomposing into alkyl mercaptan so that a dialkyl sulfide may see. In the example described here, the 
precursor polymer to be used contains both the things that chose the dialkyl sulfonium component as a dimethyl 
sulfide and a tetra-TORIEBURO thiophene (tetratryebrothiophene). Both these precursors produce the suitable 
PPV film to use it for the component structure shown in the following embodiments. 
[0051] The ingredient which forms the film of the other suitable conjugation polymer is Pori (phenylene). 
[0052] This ingredient can manufacture the derivative compounded by the biochemistry target of 5, 6- 
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dihydroxy cyclohexa -1, and 3-diene as starting material. These derivatives can be made into the precursor 
polymer which carries out a polymerization and melts into a single solvent by using a radical initiator. 
Manufacture of this Pori (phenyl ene) is Ballardet. It is indicated by al and J.Chem.Comm.954 (1983) at the 
detail. 

[0053] The spin coat of the polymer precursor solution is carried out as thin film on a conductive substrate, and 
it is usually heat-treated in 140 to 240 degrees C after that, and is converted into a conjugation Pori (phenylene) 
polymer. 

[0054] It can carry out so that copolymerization using vinyl or a diene monomer may also obtain a phenylene 
copolymer, 

[0055] existence of the huge side chain radical which combined with the main conjugation chain the ingredient 
of another class to the pan which can be use in order to form the required conjugation polymer film — or [ or / 
that solution processing is possible in itself by include a conjugation polymer in the copolymer structure which 
the one or component beyond it does not conjugate ] ~ or melting processing is possible ~ it is the conjugation 
polymer which is that either . For example, there is a thing in the former example below. 

(a) Pori (4 and 4'-diphenylene diphenyl vinylene) [PDPV] is an arylene vinylene polymer by which the carbon 
of both vinylenes is permuted by the phenyl ring. Since it melts into an ordinary organic solvent, it can form the 
thin film. 

(b) Pori (1 and 4-phenylene-l -phenyl vinylene) and the Pori (1, 4-phenylene diphenyl vinylene) polymer are the 
allied substances of PPV, and the carbon of the vinylene of one or both is permuted by the phenyl group, 
respectively, them — an each organic solvent — melting — the cast ~ or spin covering is carried out and it 
becomes a thin film. 

(c) It is related with long alkyl rank (alkyl is equal to octyl or longer than it), and is [ in which solution 
processing in an ordinary organic solvent is possible ] the Pori (3-alkyl thiophene) polymer (alkyl is any one, 
such as propyl, butyl, pentyl, hexyl, heptyl, octyl, DESHIRU, xmdecyl, and dodecyl) in which melting 
processing is also possible. 

(d) It is expected that the Pori (3-alkyl pyrrole) polymer is similar to the Pori (3-alkyl thiophene) polymer. 

(e) Dissolution processing is possible for the Pori (2, 5-dialkoxy-p-FENIREBBINIREN) polymer which has 
bigger alkyl than butyl. 

(f) Pori (phenylacetylene) is the derivative of the polyacethylene with which the hydrogen atom in a principal 
chain was permuted by the phenyl group. An ingredient is made fusibility by this permutation. 

[0056] In order to acquire the required workability of a polymer and to make easy formation of the uniform thin 
film to a conductive substrate (charge impregnation contact layer) top demanded, it may be suitable to form the 
polymer blend of a conjugation polymer and other poljoners. 

[0057] Although the film of a conjugation polymer is formed, when using such a copolymer or a polymer blend 
the active site of the electroluminescence devices which incorporate the film of said conjugation polymer is the 
same as a copolymer or the percolation threshold of a polymer blend, or must include a lot of larger conjugation 
polymer parts than it. 

[0058] Since the semi-conductor electroluminescence layer is formed as a compound layer which has the 
polymer layer which has a different band gap and/or a different a large number charge kind, concentration of 
the impregnation charge from a charge impregnation layer to into the field of the specification of 
electroluminescence devices is attained, for example. A compound layer can be formed by the continuous 
precipitation of a polymer layer. Since the film is made insolubility by the inversion process to a conjugation 
polymer when a conjugation polymer adheres to various film in the form of a precursor by spin or draw coating, 
a subsequent layer can be given similarly, without dissolving this film to which it adhered previously. 
[0059] 
[Example] 

Electroluminescence devices were constituted as follows about "example 1 " drawing 2 and drawing 3 . 
[0060] The 1st charge impregnation contact layer 2 was formed in the top face of a glass substrate, for example, 
about 1mm quartz, or borosilicate glass 1 . Through the shadow mask for making a layer with a thickness of 
about 20nm, heat vacuum evaporationo was carried out and the charge impregnation contact layer formed 
aluminvmi. The pattem which has the shape of a split located in a line with a series of parallel with width of face 
of 2mm, 2mm [ of gaps ], and a die length of 1 5mm using said shadow mask is formed. The obtained aluminum 
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charge impregnation contact layer was exposed to air, in order to form the surface oxide layer 3 thin next. Thus, 
the charge impregnation contact layer was formed. 

[0061] Spin coating of the precursor methanol solution of PPV with a polymer concentration of Ig [ per 
methanol (10-25g) ] was carried out at the aforementioned joint substrate. This applied the polymer solution to 
all the front faces of a joint substrate, and was attained by holding the top face horizontally next and rotating 
around a shaft at the rate by 5000r.p.m. Next, the substrate and polymer precursor layer which were obtained 
were heated at the temperature of 300 degrees C among vacuum oven for 12 hours. The precursor polymer was 
changed into PPV by this heat treatment. The obtained PPV film 4 was 100 to 300nm in thickness. Setting up 
the thickness of the necessary minimum film with membranous conductance, a minimum is about 20nm. 
However, the range of the range of desirable thickness is 1 micrometer from 20nm. 

[0062] Next, on the PPV film, gold or aluminum was made to vapor-deposit and the 2nd charge impregnation 
contact layer 5 was formed. The shadow mask was used again, the pattern was formed on the front face of the 
PPV film, it rotated at the right angle and width of face of 2mm, 2mm of gaps, and a series of long and slender 
wafers on a par with parallel with a die length of 1 5mm were formed in the 1 st charge impregnation contact 
layer. The range of the thickness of the 2nd charge impregnation contact layer was 20 to 30nm. Thus, the hole- 
injection contact layer was formed. 

[0063] Among charge impregnation contact layers, in order to make at least one emit light from 
electroluminescence devices at right angles to the flat surface of a component, transparence or a translucent 
thing is desirable. In this example, this is made, when the layer of gold or aluminxim is the thickness of 30mm 
or less. About the component which is about 200nm, it comes, the thickness of a PPV layer is to charge 
impregnation and the manifestation of a strong electroluminescence, and an electrical potential difference is 
about 40 volts. This electrical potential difference impresses the threshold electric field of 2x106 Vcm-1. 2 
mA/cm2 In current density, Ixmiinescence made through a translucent electrode is the usual lighting conditions, 
and was seen with the naked eye. It hardly depended for the output of a component on the frequency to lOOkHz. 
This shows that the response time of electrolimiinescence devices is very short, and quicker than 10 
microseconds. On the occasion of use, electrolxmiinescence devices were operated in air, without carrying out 
special care, and no signs of a depression were shown. 

[0064] The spectrum of the light outputted from the component was carried out by the grating monochromator, 
it was detected in the eel of silicon photoelectromotive force, the component was held to the cryostat which 
makes measurement a room temperature (20 degrees C), and has an optical path, and it carried out at both low 
temperature. The result is shown in drawing 4 . The spectrum of electroluminescence devices shows that a peak 
shifts the location slightly, differ only 0.1 5eV, and emits light with temperature in a 690 to 500nm (from 1.8eV 
to 2.4eV) spectral range. 

[0065] Other ingredients suitable for using as an electron injection contact layer, since it has a low work 
fiinction compared with an electroluminescence-devices layer are the alkali which is an alloy with other metals, 
such as n-dope silicon of (an amorphous substance or crystallinity), silicon which has an oxide film, purity, or 
gold, and alkaline earth metal. Moreover, the thin layer of "n form dope" conjugation polymer can be made to 
be able to intervene between a metal layer and an electroluminescence polymer layer, and an electron injection 
contact layer can also be formed. 

[0066] Other ingredients suitable for using as a hole-injection layer, since it has a high work function compared 
with an electroluminescence layer are an indium / stannic-acid ghost (it is transparent in the visible-spectrum 
section), platinum, nickel, palladium, and a graphite. Moreover, a hole-injection layer can also be formed by 
making the thin film of "p form dope" conjugation polymers, such as polypyrrole by which the polymerization 
was carried out electrochemically, and the poly thiophene, intervene between a metal layer and an 
electroluminescence polymer layer. 

[0067] Said ingredient can be given as follows. That is, all the metals except a metal with especially high 
melting point temperature like platinum can be made to adhere by vacuum evaporationo. All the alloys 
containing the oxide of an indium/tin can be made to adhere using DC or the RF sputtering method, and 
electron beam vacuum deposition. Adhesion of amorphous silicon can be performed by the glow discharge 
adhering method from the mixture of silicon and doping agents, such as a phosphine. 
[0068] The following is the example of the structure using these ingredients. 

It adheres to the structure of "example 2" this example as a series of layers on a glass substrate. First, although it 
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is conductivity, transparent indium oxide was made to adhere on a substrate by the approach of carrying out 
ion-beam sputtering from an indium target to the bottom of existence of oxygen. 

[0069] A sample is prepared in the cryogenic pump equipment of the base pressure of 10-8mbar. About all the 
adhering methods used here, water cooling of the substrate is carried out and it is held to a room temperature. 
Typically, the film of the transparent indium oxide which has the resistivity of 5xl0-4ohmcm typically by ion- 
beam sputtering from an indium target with a sticking rate of 0.1 nm [/second ] under existence of the oxygen 
pressure force of 2xl0-4mbar was formed, typical — the thickness of lOOnm — about 50 ohms [ per unit area ] 
ratio — sheet resistance is given. Such film has the optical transmission coefficient more desirable than 90% in 
the visible-spectrum section. 

[0070] These film is judged from an X-ray and electronic analysis measurement, and is amorphous structure. 
[0071 ] Next, a PPV layer is made to adhere on an indium oxide layer using the procedure indicated in the 
above-mentioned example 1 . The up contact layer of aluminum is made to adhere to the thickness of 50nm by 
vacuum evaporationo typically finally. If this structure is operated, it will function as a contact layer forward in 
an indium oxide contact layer, and a contact layer negative in an aluminum contact layer. Luminescence is seen 
through an indium oxide layer. 

[0072] Thus, the PPV layer with a thickness of 70nm and 2mm2 which were constituted The result of the 
structure which has an active region is shown in drawing 5 and drawing 6 . It tums out that the threshold of the 
current relevant to luminescence is about 14V in drawing 5 . the spectrum of a component ~ fluctuation of the 
reinforcement of the optical output totaled-like is shown in drawing 6 as a function of a current, 
"Example 3" The up metallic contact layer of manufacture of this structure is the same as that of the above- 
mentioned example 2. In this example, the alloy of silver and magnesium is made to adhere by vacuum 
evaporationo, and the up contact layer which acts as a negative contact layer is formed. Vacuum evaporationo 
was carried out by heating the silver of the mole ratio of 1 : 10, and the mixture of a magnesium powder object ir 
a boat, and it adhered to the film with a thickness of 50nm typically. 

[0073] Since magnesium has a small work function, it is desirable as an ingredient for negative electrodes. By 
adding silver and forming an alloy, the adhesive property of the metal membrane to a polymer layer and the 
resistance over the oxidation are improved. The current / electrical potential difference, and the 
electroluminescence property of these samples were similar with what was indicated in the example 2. 
"Example 4" These structures were made using the indixrai oxide which acts as the amorphous silicon-hydrogen 
alloy layer and the forward electrode which act as negative electrodes. The glass substrate which has the 
vacuum evaporationo metallic contact layer of aluminum or chromium is used. Next, the amorphous silicon- 
hydrogen film was made to adhere to below by high-frequency-heating (RF) sputtering explained to a detail. 
[0074] RF sputtering system to be used has two targets and a liquid nitrogen cooling getter, and is operated at 
intervals of a 8cm target-substrate. A processing room is the base pressure of 5xl0-8mbar, A magnetron target 
is made to support an n-dope Si wafer layer in thickness of 3nim. Before making a sample adhere, these targets 
are purified by carrying out reserve sputtering for 1 to 2 hours. Radiation heating of the substrate manufactured 
as mentioned above is carried out so that the temperature on Cu with a thickness of 3cm and the background of 
aluminum substrate may become 250-300 degrees C. A substrate is rotated in abbreviation 6r.p.m. It sets to the 
pressxire of 0.007 - 0.013mbar, and the sputtering gas to be used is 30% of H2. It is included Ar and lets it pass 
in a processing room continuously during vacuum evaporationo. RF output to be used has the reflected power 
of 2W, and is 250W, Typically, a sticking rate is a part for 12nm/, and requires 1 .5-hour adhesion time amoimt 
to 1 -micrometer film pressure in this case. 

[0075] Obtained amorphous Si is 5x106 to 5x108 which is reddish brown. It has the rate of direct current 
resistance of omegacm. [This resistivity vapor-deposited two aluminum pads at intervals of [ of 0.25mm ] die 
length of 3mm to sample a top or the bottom, and asked for them by measuring the resistance during these two 
contacts]. . 

[0076] Next, as the PPV layer was indicated in the above-mentioned example 1 , it gave the amorphous silicon- 
hydrogen layer, and the direct indiimi oxide layer was made to adhere on this PPV layer using the procedure 
succeedingly indicated in the example 2. 

[0077] The result obtained about the structure with 40nm [ in 1 micro in thickness with an area of 14mm 
manufactured using the above-mentioned process of 2 and a silicon-hydrogen layer and thickness of a PPV 
layer ] and a thickness [ of an indivmi oxide layer ] of 250nm is shown in drawing 7 and drawing 8 . Fluctuation 
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of the total Wako output of as opposed to a current for the current pair voltage characteristic of the component 
in forward bias (an indium oxide layer is forward) is shown in drawing 7 again at drawing 8 . Since charge 
impregnation and luminescence are started by about 17 V and the silicon-hydrogen layer of resistance exists in 
the case of this example, the rise of the current beyond this threshold is gently-sloping rather than the structure 
where it does not have such a layer as shown in drawing 5 sees. 

[0078] Moreover, this kind of structure showed weaker electroluminescence in the reverse bias (an indiimi 
oxide contact layer is negative to a silicon-hydrogen contact layer). However, it is desirable to operate it by 
forward bias. 

Except for having transposed the "example 5" indium oxide maximum upper layer to translucent gold or an 
aluminum layer, it manufactured as in an example 4. As for the structure manufactured by having the maximum 
upper layer with a thickness of about 20nm, luminescence was seen through this contact layer. These 
components showed the same property as each above-mentioned example. 

[0079] The manufacture approach of an example 4 is applicable also to the contact layer shown in the example 
2 and the example 3. 

[0080] There are other approaches well-known in itself for adhering silicon / hydrogen layer, and an indiimi 
oxide layer. In the case of silicon, this includes the glow discharge of a silane, and vacuum evaporationo. In the 
case of indium oxide, as other possibility, tin is made to contain with an indium and it is possible to generate thi 
indium tin oxide (ITO) which electrical characteristics approximate to the indixmi oxide used here very much. 
The adhesion approach contains vacuum evaporationo, RP, and DC sputtering. 

[0081] Selection of the thickness of a charge impregnation contact layer is determined as the adhesion techniqu< 
used by the optical transparency of the request in a contact layer. The ease of charge impregnation improves 
with constituting a charge impregnation contact layer as a compound layer. This compound layer includes the 
oxidation for pouring in an electron hole and an electron, respectively, and the thin film layer of a reduction 
conjugation polymer. Even if these special conjugation polymer layers are the same as the electroluminescence 
polymer of an active state, they may be different. The approach of doping such matter is comtmon knowledge in 
this field, and is clearly indicated by the "conductive polymer handbook" (tee . Jay . SUKOTTEIMU (T. 
J.Skotheim)). 

[0082] Since at least one charge impregnation contact layer is made to emit light at right angles to the flat 
surface of a component, it may be desirable to be transparence or that it is translucent, but when only radiation 
in the flat surface of a component is required, it is not necessarily the limitation, for example. 
[0083] The limitation of the size of the electroluminescence devices manufactured is determined by the size of 
the substrate which can be used for spin coating. For example, it does in this way and coating of a silicon wafer 
with a diameter of 15cm is performed. Furthermore, in order to perform coating of a large area, techniques, sucl 
as draw coating, are instead used. Therefore, it is realizable to constitute the electroluminescence devices using 
the conjugation polymer which has the area of the range of square meter. 

[0084] After some adhere adhesion of the metal layer which needs the temperature of the conjugation polymer 
containing PPV very high for vacuum evaporationo of an adhesion process, or an amorphous silicon layer, they 
can be home at after treatment, such as performing the photoengraving-process process for determining an 
activity electroluminescence field. [ at least ] Although it is desirable when using spin or draw coating as an 
approach of giving a precursor polymer to the substrate decided with a conjugation polymer and the type of 
electroluminescence devices demanded uses PPV, all the melting processings in spin and a draw coating list cai 
be used for making a conjugation polymer adhere on a substrate. 

[0085] Electroluminescence devices are applicable to the various applications to which electroluminescence is 
helpful. It is applicable to the place where Semi-conductor LED was used conventionally. It is applicable also t 
the place where liquid crystal was used conventionally again. Electroluminescence devices have many 
properties used as the desirable alternative of liquid crystal. 

[0086] Since electroluminescence devices emit light unlike a liquid crystal display, its vision is large. 
Furthermore, a large area LE component can solve the problem about the smoothness and spacing of a substrata 
which the large area liquid crystal display encountered. Especially electroluminescence devices are suitable for 
the matrix-address type display, for example, television, and the computer display. An example of the 
electroluminescence devices used for a matrix-address type display is shown in drawing 3 . Here, the muscle 
which goes to one field of the semi-conductor layers long and slender also adheres to each charge impregnation 
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contact layer, and the split of one contact layer lies at right angles to the split of the glue line of another side. 
Addressing of each electroluminescence devices called the pixel of a display, i.e., the matrix of each field of a 
semi-conductor layer, is attained by choosing the specific split of a right angle as the specific split in a 
downward charge impregnation contact layer, and said 1 st split of an upper charge impregnation layer. 
Furthermore, electroluminescence devices are suitable for using it as a television receiver, since the speed of 
response is quick as mentioned above, and since they can control especially the luminescent color by choosing z 
conjugation polymer and its semi-conductor band gap, they become possible by arranging the conjugation 
polymer fi-om which Green and the red suitable for color mixture, and the color display using a blue pixel differ 
in electroluminescence devices. 

[0087] Electroluminescence devices can be used also as each molding component of the indicator of for 
example, a car dashboard, a cooking device, or a video recorder. Each component can be manufactured in the 
configuration required of the target application. Furthermore, since electroluminescence devices do not need to 
be even, after the manufacture, the configuration of the windshield of a three-dimensions-configuration, for 
example, a car, or the aircraft can be imitated, and they can be fabricated, for example. In order to use it such, it 
is necesseiry to give a precursor polymer to a suitable substrate like transparence polymer films, such as 
polyester, polyvinylidene fluoride, or polyimide. If a precursor polymer is given to such a flexible polymer film 
continuation manufacture of the electrolxmiinescence devices on a roll will be attained. Or a precursor polymer 
can also be given again on the form substrate beforehand manufactured for example, using the draw coating 
method. 

[0088] Finally, electrolviminescence devices can consider the application to the optical commimication directly 
manufactured on the structure prepared so that an optical fiber and/or a thin film waveguide, and an 
effectiveness target might be made to do optical association of it and it might act as the light source. The same 
application is indicated by "Science - and - technology Inn Japan", and 8-14 pages (July, 1989) by SATOSHI 
ISHIHARA under the title "optical information processing." 

[0089] The electroluminescence-devices light source can be appropriately used as laser. 
[0090] Being utilized for optical communication by combining directly on a predetermined lower layer that 
optical association of an optical fiber or the electroluminescence devices which has the irregularity of a thin 
film should finally be carried out efficiently, and optical information should be utilized is expected. There is a 8 
pages - 14 pages publication of "Optical Information Processing" in July, 1989 by SATOSHI ISHIHARA of 
Japan as a similar report. 
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[0 0 0 4] iltl^(o^m<omm±<ommMt.vr^i. 
znsh iwi«{c & < .ti*^ tj *\ ens 

<O^^Mi:Wj^liA^®M (current — inje 
cting electrode layers) fc© 

[0 0 0 5] ^mttu<omm^^<oi3LWzii. wens® 
t)m^t)^<. ifis^ba<> feit;±gi5^M« (top 

contact layer) OTSWiffitiiicS^ S C 

[0 0 0 6] i^mic?m-?£tirc^mmit^<m(D^>'^s. 

3.T—yai^Jiy h (Langmuir- Blodge 

1 1) mnm(D&mim<os,M(o^{t. mimm.<Dn 

[0007] T^h ^-tr bfc«^^^m?{±. 
^S#fff3. 6 2 1. 3 2 1 ^fCgi^^nT^^^o 

[0 0 0 8] 3fe^Lfc^?*^«UJ;5fcUT. *B1f 
fF4. 6 7 2. 2 6 5#li. %^MfcUT-S«ig;£::ff 

[0 0 0 9] LA^b^Tb^e,, tutB-®«3t{ca^$nT 

[0 0 10] 

[001 1] 

[^^^^•rsfe46o¥©] *^B^<73-^fcj:n 

iao^^Sjl<y=<'-A-e.^^Wv>i®2g:*S: 

5^2 0S)SiSi:*^e>^^a^^)fc^?TfeoT. 
^S<05}f; T-]g{±. m 2 £DS«4M^m 1 OgMSfc^i* 



<4) 
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[0 0 12] :^^mii. mmrj:istmmi}^^mm^^w 
Coo 1 3] j^s^a^y^-- f-nim±ftje»nT(.>So m 

9 4 0 6 1 ^T-^W^nrv^^o ^<Dm^. .i?'J7-fe^ 
U'^A^^ 1 feet tf S 2 ©SSF^O^WSIiifCfetJ S T ^ 

•tr^T-^ 'TM\t.^wsmsm^^m-^ j; 3 few®© 
v^o v^-rn(cH±<t. 2 9 4 o 6 i 

[0 0 14] *^B^(C^5^?JcfeV^T. «®^-J<'JT— 20 
(Coniugated P o 1 y m e r ) tisJ^V (p 

^5l£AS5tt® (first charge injec 
tion contactIayer)l±> — ll!l<^)S® 

t), i|£3i{*M<D^i©a®ttM^SIfb^Si:glU ^-U 

T^2 0®E5aA»EteM (second charge 
injection contact layer) 
« T^P 5 — A ^ It^iomSX'^^ o 
[0 0 15] ft60||fiSjt8«»£::feV^T. «fa:^U-r-l±P 3o 

[0 0 16] ^e»fcgiJ©ll«fiSI«lTi±, «a;JfJT-J± 
p p V T-as t) . otiif ^S'> y 3 V*^ e, 

[0 0 17] z.ntb<omms^it. ^isMSfesvHi 
m2gi&6s©4'ov^-rn3b^^a«tcs^L, ppvoa^ 4o 

«ug^«s-r « ei fc <}; o xa^^nso 

Co 0 1 8] 0^{Ctt. 1 0 n m*^ 

^ 5 /im<Di5a©i^— ^P^^«U J^^l^U -v— 1± 1 
eVi)->io3. 5eV OlEiST'^^f*-'^ V K=iF+ 

COO 1 9] *^?§0^2 0fii«te<J;ntf. i!>*< tfe 



^1 oasts LTiatt. ^LT. m2<ommm<omm 

[0020] «S#'J-7-fc{±, #UT-<D±««tC» 

[0021] tt. R. H. 

FfC J: t)^ Journalof Molecul 
ar Electronies4 (1988) Janu 
ary-March. No. 1, Olg3 7H~^4 6H 

[0 0 2 2] :^mm<ommhrji^:i-t>-Xh.\,t. IXV(0 
lEoa^^^A- 'J^'trSAl.. a^OS^fi. 53<yv-^ 

m fcm^^aA-r c t # ^ s fc i± k 

(^(doped semiconductor) 

ffiin-r s c i o T5i? y ■^—^mmcnvrmic ?n 

CO 0 2 3] maoxU'^' h n;l/5:^.-fe:/X^i-r5fc 

coo24]i>*<fc'E>i -otommmii. wM'^xtnc 



(5) 
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[0 0 2 5] «S'i<'Jv-<DM«> Hfmcii. ^-fm 

(i) ^^v^-amm. mm. ssic^e^nscttc 

(ii) ^v^-mitmf^~fwst.<ofS(o&mit. mm. 

Co 0 2 7] mc. :^^mic^^mm^<D-m^. m 
Co 0 2 8] nn^-v-r-mit. timi^ii. Tte^«^3'-K 

U (.p-yji~U>}£~]y>') [PPV] -eSD, TIB 

CO 02 9] 30 
Cft2] 




CM s.CH 



(1) 




CM : CH 



Coo 3 3] 
lit 41 




Cll s CH 



Co 0 3 4] 

C(l:5] 




CH > CH 



Co 0 3 5] c:ne>of^ffl^^t$/-cBai37i— v>' 

Coo 3 6] 
lit 61 




ai s CH. 



Coo303jJ?'; ip-yjL—Uzy\i:—Uz^) i)-'&^m 

So 

Co 0 3 n JJ4Tt«:-tOJ:3ft^^f*©|llS0!I«^-ro 
( i) iCI 07x— U'ViS*ai-&3^fcB^gi^5. ^ 

Coo 3 2] 
Cft3] 



Co 0 3 7] WISOtfeti. _hie7'7V3Kfe7i:^U'>' 

(ill) &'4rc737Ji::iU'>'^ (SL<ti±IH ( i ) feS 
40 VHi (11) tC:feV">TSJWbfcfS©3S3S) O 1 OfCj^-^U 

Co 0 3 8] 
Cffc7] 




50 



[0 0 3 9] 



(6) 



1 0-9 2 5 7 6 




[0 0 4 0] 
[ft 9] 




[00 4 1] SS!e«SiiS^CfeV^T. y«2, 3> 4. 

[0 0 4 2] mmic. cn^<omfkiimm'(!<Dmmm 
[0 0 4 3] iin5.oa^c»s^«p p vfi»#t±s^ 

[0 0 4 4] «S>i?';T-K{i?g?gAnx$fctt?§gl!iini 

[004 5] m^<o^m<o p p vgii»f*iMtt. 

[0 0 4 6] —m^. »®(i:{±. X;l/*i::i'>AmB8l8f*: 

« c i k: J: -^TWISjgiitei^-rsjg^S^lSfcS c: fc*^ 

[0 0 4 7] f<C«6^fC{±. #U (:7x^U'>'tr:^U'>') 
coMa. a 1 tc^-r J; 5 :&KJS@S^^:S•:5^,^fc:^^i^^: J; 

(II) 7fc^§?S^ tKx^?/-;!/®?^. SL<^±^^y 
-;i/tl3TMIBf*#Uv- (III) tc^fig^nSo ^-OJ; 
^*7°U'.-i?'jT— (III)©j§J$t±x ^>V\y'J7.V^m.<0 
f!:a6tci|£«f*:ig||-pffl(/>e.nTV^5-)it9:W«:Xt::x-=i 

:^^t£:, #c,n/-ctf[Ig<*>-}<Uv- (iiDJKti. SCT 

2 0 0 *c*^^ 3 5 o "coiasicAni^-r S C ttc* »? #u 

(:7x::iUve::^L/V) (I) \zmt^tl^„ 

[0 0 4 8] mm.w (II) ofk^^fig, =^<Dmim ai 
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I)^oa-&. ^ LT P P V^Of^fbOfcfetCig^JSrP 
aB*^m±. AiK. 0a^«v D. D. C. B r a d l e 
yfCJ:* J . Phys. D (Applied Phys 

ics). 20. 1389 (1987) fe<fct;j . D. 
Stenger Smith. R. W. Lenzi:G. 
We g n e r »CJ:SP o 1 yme r. 30. 1048 

(1 9 8 9) tClBK^nxV^^o 

[0 0 4 9] Jj^y (7a:-U>Vf:^^» lOn 

10 e)OPPv)g«. c:<t>-r:^t:v*— ;i/u*^*6.n* 

l/^o PPVMti. *iJ2. 5eV(500nm) <D^m^ 

[0 0 5 0] HulE«:#U v-<D3lSa^5fe«LT. 
<t -3 TitfTf 5 c i: ^mm\ct^ C t fc J; o T*j3|^coiBt 

';x:rn'?-:i-7JLV (tetratryebrothi 
ophene) tVZm^Vrc^<D^mc^tSo iin?> 

-r-5<^>Ji:Jf|i*P P VM^^CSo 

[0 0 5 1] jenJw^'i.ojis*«ia:s«u^-<^>)S*jgfig 
30 -rs*Jm. (:7ir:i^» Ta^^o 

[0 0 5 2] dOMil^ti. 5. 6-i?t Ka^i^i^^^a 

CO^y (:7x— U>') Oiliifiti. B a l 1 a r d e t 
aK J. Chem. Comm. 9 5 4 (1 98 3) 

[0 0 5 3] ^^v-^-mmwmmit. »«ea«±tc» 

40 »/>)^i:bTXtr>'3— h*n. ^-UT^-O^t?!!! 4 0 

P^-) 53<y V— tcte^^n-So 

[00 54] < ttv'x>'#«i*^«V>5«M 

[0 0 5 5] iess*«®:5}?'J^-mjg^-r5fci6fcM 

50 «a-&«cKigteiB*iAn§c:i:Jcj:oT^nif*jS?8a)0 



(7) 
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(a) #U (4. 4' -':^7x-^>'i?7x— U 
>') [PDPV] li. M1j<0\^-l^-y<ommi)'^y 3l:^)V 

(b) (K 4-7x::iV':i^-l-7x-;l'e:::W 
i:#U (K 4 -7x:^U'V>^:7x:^;l/kr— UV) io 

(c) nm<Dmimm^r^'r^maj:pjmr^^K) . $fc. 

(3-7;V4^;l/^:a-7xV) :3?UT- (.TJl^^Mi. f 
nlf;l/, ::ff-;K •^>'f-;K •^4^i^;K •^y^;K 

x>';K 'i7>'x>';K H-rv';l/^©V^-rn!!)M 20 
0)0.. 

(d) (3-7;l'4^;l't!D— ;V) V— {±.-}?U 

(e) :/^;l/J:»?fe;*:#*7;l/4^;l'«#t-«:j?'; (2. 
5 -i^7;l'34^'>-p-7x—P'y If 

(f) 5if; (7x^;l/7-b^P>') ti^tfOTK^lS? 
*^7x:^;l/»fcH^^nfc'i<'; 7-t^pyoMI»{*:-efe 

[0 0 5 63 .1?UT-Oi2®**DI'tt^#. 

Co 0 5 7] Ka^J^U v-(DM>&J^fiK-rs©}e> ^OJ; 
d ft 3 # U ^-S fc »±:3? y U V s i: 

CO 0 5 8] ^mw-m.nmtmr.u sftofc^-^^K^^-v 
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Co 0 5 9] 

CUSfiMl 

^mmm u bi 2 43 it? 0 a ten «^^)feig?%jLX 

Co 0 6 0] iS^TsWk. mfLM. m\mmoy^%fz 

li. tr-^'T^mm^^T. 1 <D±ffi{c^ 1 

<?:>«^#§fc46«^)i^+ K'>VX^'^/M^T7;V5-'>A 
Titi2mm. F^|^2 mmfeitfS? 1 5mm<D— 

C00 6 1] 1 0~2 5 g©p{:Jf y— 1 g<D5H 

u V- jga^cD p p V <DMmp{ y wib©^ 

^JtUTSOOOr. p. m. '^-Q<Dm^-V:WO^K>\^ 
niters CtfCtoT^fig^nfCo »6.n/5:»E 

jjf J •^—wmm-^tk'&yt—y^y^. 3 0 0 icoiae 
T? 1 2 "mfmm^fz. z. (omm^^ ^^x. Mig^sj? y 
•7-i± p p vtc^^snfco ^snfc p p vM 4 1± 1 0 

0*^& 3 O 0 nmOSfSTfeofco i&|gSffifiSOM<D» 
?^M<D=i>'^i>^:xx»cJ;oTS:^U TISti2 0n 

0 nm*-'^ 1 /imOi5Ht?^So 
C0062]^?[tC, ^2 0mi5aAS«l®5^. PPV 

(C/^^r— ^'^Jgfigbx "112 mm. Pai^2mms S5 1 5 
mm03mteM4?-)aoa8SVvjNA^-;g:^ 1 ©Si^fSA^ 
MMfcit^ {ciHlfeLTJ^figLfcio ^ 2 <^>«^^aASM^ 
£D»${±. 2 OA^P) 3 0 nm(DiEH-efet>rco CtDJ:'5 
bTiE?LaAgEMS^?^fi« U/c„ 

COO 6 31 «nifaAgi«iMo5-Sii>*< fcfe ioi±. 

O^BfcSiStc*^^^^^ fci6{c 

1?l±> ilOCfcli^. Sb<t±7;l/5— '>A(Da*V3 0 
mm^UTO^^TfeS^tCft^nSo P P V©©J?Sjb< 
!ii«I2 0 0 nmCi^^fcPU «#iiAfeJ:lj^t^XU^ 
hD;l/5:^^-fe>x<o%:S{i:^f-r«b#v^«a«. *54 0 
#;l/hT?feSo COSEti. 2.x 1 0*. V cm-' Ob^ 
vmi^^BJiO-t-So 2mA/cm2 oajfffSBjStCfeV 

^ffT'. ^BS-Z?me.n/c:o ^?Otli:/3t±. 1 OOKHz 



(8) 
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[0 0 6 4] m^ti'^mtstEtircyt^. ^^ey^u^^ 
^LT. SDS^sfi (2 0*0 tu Tt^ass^w-rs 

0. 1 5 e Vf£ttM*-:>T6 9 0 nm*^?) 5 0 0 nm 
(1. 8eV5!)^^2. 4 e V) ©X-^i' hyl/i5H-e^^ 

[0 0 6 5] S^^)fclg?Sl:lt^Tei/^tfc^llSfc*W 
[0 0 6 6] a^)tSfclt'^T7SV^tt»j8^>£r*-r^ 
[0 0 6 7] mE$J3|^t±, i;i.T<o^^ iCi^-^-r^Cttf' 

■p#«o ^>'i^tfj*y'm(Dmit'^^ts±x<D'^^ii. 30 

D C ^fcti R F X/^>y i5f y Vi^afeJ:t5«^e-A^^ 
[0 0 6 8] fe(T»s e:ne.O**«^^jl^f!:«!ii^®0!l 

[0 0 6 9] SSil^li 1 O -« m b a r O'^— Xffi:^30fllia 

fcSBL, a«i±7K)^b. s}atc{s«f-rso ftae?){ct±2 

X 1 0 m b a r <OSggffi:^<D#«ET©f^aWtC 0 . 1 

:tV-e-AX/Vy^?U>i5''»C«t-3T. f^^e^lc 5 X 1 
O-" Q cmOSia^^WrSSB^*^{t-l'>-:^'i7A®M 
iiW^-^tlfco f<£aW»c. 1 0 0 nmO^*K:J:oT# 

tiaa©Sfct)i|i55 0Qoits^-hfiSi*<#^e.n«o ^- » 
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[0 0 7 0] nn^omt. xm^i^xfm^mm&^i}-^ 
[00 7 1] ^tc, p p \m^±^mtm i iciBttufc: 

fC. A<D±SiJg5ftilM«:f^W»Cti 5 0 n 

[0 0 7 2] <lCDJ;3{CUT«fig^nfc. 70nm<Dff 
^OPPVSfeJ:t;2mmZ OStt^lg?^ S^jI**: 

<Dmm*0 5 43<ttf Bi 6 ic^to %^K:i§a-r«mM<o 

±ie*fi£M2i:|SIi:T'feSo *^ss{?!i-ei±. m^i^^-o 
LTfFffl-rs igpsMs^j^fie-rso mmi± 1:10 

(f'T'M-rSCfctC.t-^Tllfifi^nx f^WfcSOnm 
[0 0 7 3] •=r^'-;^v"^Ati, /jN^v^tfc»MSciSr^-rs 

r£i±^aA£o^«^MS?84»^=e-rs;ef^xa«^^ffl 

mt^ismmam (RF) x/^>y^t'J:^i^fcj;c>T{\f« 

[0 0 7 4] mm'f^RV7.^^-^^V>'^^mii.Z-0<0 
^—^•yh^J;:Xfmi*^^M}%^^-y^—^^L'. 8cm 

(o^-f-j v-wsmkxm^^n^o m^^s x i 

0-» mb a r O'^— XJE:^-e35So v^f^hn^/^f— y 

■y hte3mmC0)*^lCn — K— ::^S i Jc-'NW^ffii^^ 
•tirSo W^^^im-Z^^WiC 1 ~2^P^^<iiX-'^>y U 
>i7-rscttcj;oTc:n6)0:Jf— y-y h^^^b-TSo 
±l2©<fc-5K:UT85§5n/'cS«^. 3cm©JP^OC 
ufc«};t;A 1 affi<DS<M'^)SiS*^2 5 0—30 0°C{c:^ 
SJ:3t)!&t}to^-rSe S«^S^J6r. p. m. Tlslte 
■rSo {^"TSX/^y^"; vy;«fx«o. 007 — 0. 
0 1 3mb a r ©ffi^tJ::feV''T3 0%<DH2 ^^tJ A r 



(9) 



1 0-9 2 5 7 6 
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miii^mmcli l 2 n my^r^^ »? . c 1 ni<D 

[007 5] w^tita^^m. s i tif^^ft-ps 5 X 

1 0" ~5X1 0« DcmOi£i!fEgiii^^#LTl,^-5o 

[ C ©aia^«tmo±ffll^ fcttTfflfltS? 3 mm. PS 
PgO. 2 5mmT-2OC0A 1 /^>y K^gr^aU ^tX^hZ 

•o<D=i>-$ii^h m<o&n^mm-r ?><itiz^^x^it> 

[0 0 7 6] :^fc. P p VS«:±IBIISSCT 1 fcgB^Lfc 

2 i?ffiffiLfc#jiR;&ffl(,^T<i<DP p VMo±{ciasSKt: 

C 0 ,0 7 7 ] ±fBXS%ffll,^TiS!ii L fcSSI 14m 
m2 , e^Dniy-jJc^acDff^ 1 /z, P P VMcDJS^ 4 
0 n rafej:tf^{t:'l'>'i?'i;i^g©jp^ 2 5 0 n mOfilit 
<*fCiiLT#c,nfc)Sm;&07*J:tf08fc^-rc, 07 

[0 0 7 8] SiTc, «l©fflO#liimijS»^W7'X 

5 J sft-r ASie^&iji^wcD^* ret* 
[0079] mmm 4 oiiBt^^afi. iisi£fi»j z^axsm 

[0 0 8 0] '>';n>//7k^MfeJ:lf-Y>':^!>A^ft!fer 

^s^-^Axx (I TO) ^^jsgt-sctA^^^en-So 

[00 8 1] «?gfttAg!g4eOiP?CDS^{±. ffil/^^n 
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10 



20 



30 



40 



50 



v-Mtt. U V- 1 III 

(T. J. Skothelm)) icmVilctEmf£nx<^^ 
[0082]i!>^<ifel 00«?^j4A^M»(±. 

[0 0 8 3] SiiSnsa^%3t^?cr)-9--i'XcD|®^ 
Si 5 cm<D'yv=i>'yjiyT(D=i—'r-<iy^'mjt:>ti 

^n^o SfoT. ¥?5';'<— h7i/<7)ii5HcD®ja^*-rs^^ 

[0 0 8 4] PPV«r•&tr«^g;^yv-^r)^!>;S:<^:fe^,^ 

y v-^«ta.i<y v-fe j:t;ii:^?n«a^%^m?(3[) 
Sfcti KD-n-7^-f >^^;£^-rs<!D*^p p v:&{lffi 
>'^Mtf{c?§ifctoXC»:^T^«Sj}?y v-:gr»tg_h{c<^ 

[0 0 8 5] mn^ytm=?i.tmn^^ii^^^9nc±-om^(D 
mmzmm-t^ utis^x^^. ^^mt^^^mi^L e d 
tf'^m-^nx^^^Tcii^^Kmm-t^Tihfs^X'^^o =tti 
it'^rz'^^mFaimmtnx\^^rch7i?)\,z^'^m'r^z. 

n ^ ^ < L T t.^ 5 o 

[0 0 8 6] «l?fg^^?tt?SSx^-xy wts^T 

h y >y K I^XST'-f Xy 

tf, xHii?3>:tej;C;r3^e:x-^7*-fXrWtC# 

{cjiibTv^o y ^'x-T" Kuxii-r-f xyw 

^in^aAg^MaA^^f*»oi/>-rn*^cD®fciffls 
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CO 0 8 7] m^%)tsS^«> 

[0 0 8 8] «^»C. «^%3t^?«. 

[01 



Wm^l 0-9 2 5 7 6 

18 

~1 4H Cl 9 8 9^7^) fc rjirzf^:^;^ - >rV7* 

CO 0 8 9] mw^^^^^JHtiU— If-tbT^^Ji: 
CO 0 9 0] Smtc. ^^a?«feSVH±. rni^OIHia^Sr 

UTB^O-y-hi' • -I'i'/N'^tcJ:*) 1 9 8 9^7^0 
"Optical Information Proc 
e s s 1 n g" c68H~l 4HOlB^*'feS6 

C0 3 3 :^¥micm^mn%^m^<Dmii&mx^^o 

C04j 02MmcEl3fcSI8;?nfc|g?©^)tttl:tr;£- 

CHS] *^B^<D^e,tcffio^i6ii^{c«^s^n^n« 



TO.; . 

R-CH3JC2H5 (111) 
X»a,Br 



(11) 
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[08] 



F/G.d 

3-1 



2- 



6 B 
18 3K/inA 



10 



(5i)int.ci.« mm^ 

H 0 5 B 33/10 
33/22 
33/26 



F I 

H O 5 B 33/10 
33/22 
33/26 



azmmm /^n-^^x f;^x;i/5— ^>v— 
-h 11 



